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(57) Abstract: Cooling apparatus (10) for 
cooling a medium is disclosed. At least 
part of the apparatus (10) is in thermal 
communication with the medium. The 
apparatus (10) comprises a refrigerant 
holding means (12) whereby a refrigerant 
can be provided on the refrigerant holding 
means (12) such that on evaporation of the 
refrigerant from the refrigerant holding 
means, heat can be o*ansfeiTed from the 
medimn to the refrigerant holding means 
(12) thereby cooling the medium. The 
apparatus (10) may cool the medium 
directly in which case the medium may be 
in direct thermal contact with the refrigerant 
holding means. Altematively, the apparatus 
(10) may include heat transfer means, 
for example a heat pipe (114) to transfer 
heat from the medium to the refrigerant 
holding means (12) on evaporation of the 
refrigerant. The refrigerant holding means 
(12) may be a porous member. 
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Cooling Apparatus 

This invention relates to cooling apparatus. More particularly, but not 
exclusively, the invention relates to cooling apparatus for use in cooling an 
enclosed space, for example a building. 

Modem society has an increase in dependence on air conditioning. 
However, conventional air conditioning systems consume large amounts of 
energy, which is produced at the expense of emissions of greenhouse gases into 
the atmosphere. In addition, chlorofluorocarbons (CFCs) have been used as the 
refrigerant for air conditioning systems over the past 60 years, but these are 
now known to contribute to the depletion of the ozone layer and to global 
warming. Environmental concerns on these matters have lead to interest in the 
development of environmentally friendly air conditioning systems. 

According to one aspect of this invention there is provided cooling 
apparatus for cooling a medium, at least a part of the apparatus being in 
thermal communication with the medium, said apparatus comprising a 
refrigerant holding means member whereby a refrigerant can be provided on 
the refrigerant holding means such that on evaporation of the refrigerant from 
the refrigerant holding means, heat can be transferred from the medium to the 
refrigerant holding means thereby cooling the medium. 

The refrigerant holding means preferably comprises a porous member. 

The medium may surrotmd at least a part of the apparatus. In one 
embodiment, the apparatus may be substantially wholly surroimded by the 
mediimi. 

In one embodiment, the porous member can be arranged in said thermal 
communication with the medimn. Preferably, in this embodiment, heat can be 
transferred from the medimn to the refrigerant holding means directly. 
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In one embodiment, for use with a gaseous medium in said thermal 
communication with at least a part of the apparatus, the porous member may 
be arranged to be surrounded by the gaseous medium, preferably, substantially 
wholly surrounded thereby. In this embodiment, heat can be transferred from 
the gaseous medium to the porous member, preferably directly. 

Drive means may be provided to drive the gaseous medium over the 
refrigerant holding means, whereby upon evaporation of the refrigerant from 
the porous member, the gaseous medium is cooled. The drive means may be a 
fan. 

The apparatus may further include drying means to dry the fluid 
mediimi prior to the passing of the fluid medium over the refrigerant holding 
means. The drying means may comprise a drying member, which may be in the 
form of a further holding means which may also comprise a porous member. A 
drying agent, for example a desiccant may be provided which may be in the 
form of an absorbent provided on the drying member. Absorbent supply 
means may be provided to supply absorbent to the drying member. The drying 
means may comprise a plurality of said drying members. Each of said drying 
members is preferably provided with the drying agent. 

In another embodiment, the apparatus may include heat transfer means 
in thermal communication with the refrigerant holding means, wherein the 
heat transfer means can be arranged to be in thermal communication with said 
medium, whereby the heat transfer means can transfer heat from the medium 
to the porous member on evaporation of refrigerant from the refrigerant 
holding means. 

According to another aspect of this invention there is provided cooling 
apparatus for cooling a medium, the apparatus comprising a refrigerant holding 
means and heat transfer means in thermal communication with the refrigerant 
holding means, and being adapted to be arranged in thermal communication 
with the mediimi, whereby a refrigerant can be provided on the refrigerant 
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holding means such that on evaporation of the refrigerant, heat can be 
transferred from medium via the heat transfer means to the refrigerant holding 
means. 

Preferably, the heat transfer means is arranged such that at least a part 
thereof can be surrounded by the medium. The heat transfer means may be 
arranged such that the heat transfer means is substantially wholly surrounded 
by the medium. 

Preferably, the apparatus further includes means to supply the medium 
to the apparatus, whereby heat can be transferred from the medium to the 
refrigerant via the heat transfer means. The means for supplying the medium 
may be a conduit, for example a conduit for a supply of a fluid material, 
preferably a gas, for example air. 

The heat transfer means may be a heat pipe, or may be a heat exchanger. 
Fins may be provided on the heat transfer means to enhance the transfer of 
heat thereto, or therefrom. The refrigerant holding means may be in the form 
of a panel, which may be flat, or planar. Potentially, or in addition, the 
refrigerant holding means may be in the form of a container. In one 
embodiment, the container is substantially cylindrical in configuration. 

The apparatus may comprise refrigerant supply means to supply 
refrigerant to the refrigerant holding means for evaporation therefrom. The 
refrigerant may comprise water. 

Where the refrigerant holding means is a container, the refrigerant 
supply means may comprise a conduit to supply said refrigerant into the 
container. Alternatively, the refrigerant supply means may include means to 
spray said refrigerant over the refrigerant holding means; this is particularly 
suitable where the refrigerant holding means are in the form of panels which 
may be substantiaUy, and enables the refrigerant holding means to be 
substantially wholly covered by a refrigerant- The spray means may comprise 
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nozzles. 

According to another aspect of this invention there is provided a method 
of cooling a medium, said method comprising providing apparatus as described 
above, arranging at least a part of the apparatus in thermal communication 
with the medium, providing a refrigerant on the refrigerant holding means 
whereby on evaporation of the refrigerant, heat is transferred to the refrigerant 
holding means thereby cooling the medium. 

The refrigerant holding means may comprise at least one porous 
member. 

The medium may be in an enclosed space or may be in a conduit 
communicating with the enclosed space. 

The enclosed space may comprise a room in a building, or may be a box 
to be kept cold, for example a refrigerator, or a cool-box for transporting food. 

The refrigerant holding means may be provided inside the enclosed 
space, whereby evaporation of said refrigerant directly causes said cooling of 
the gaseous medium in the enclosed space. Alternatively, the refrigerant 
holding means may be outside the enclosed space in indirect thermal 
communication with said enclosed space, said communication may be by heat 
transfer means, for example a heat exchanger or heat pipe. 

According to another aspect of this invention there is provided the use of 
apparatus as described above for cooling a medium, comprising providing said 
apparatus, arranging at least a part of the apparatus in thermal communication 
with the medium, providing a refrigerant on the refrigerant holding means 
whereby on evaporation of the refrigerant, heat is transferred to the refrigerant 
holding means thereby cooUng the mediimi- 

Embodiments of the invention will now be described by way of example 
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only with reference to the accompanying drawings in which:- 

Fig. 1 is a schematic view of one embodiment of heat transfer apparatus; 

Fig.2 is a schematic view of a further embodiment of heat transfer 
apparatus; 

Fig. 3 is a view of heat transfer apparatus for use in indirect cooling; 

Figs. 4 and 5 are altemative diagrammatic representations of heat 
transfer apparatus for use in cooling a room; 

Fig- 6 is a diagrammatic representation of a further embodiment of heat 
transfer apparatus for use in cooling a room; 

Fig. 7 is a schematic sectional view of heat transfer apparatus according 
to a further embodiment of the invention; 

Fig. 8 is an alternative to the embodiment shown in Fig. 7; 

Figs. 9 and 10 are schematic diagrammatic representations of heat 
transfer apparatus for cooling a box; 

Fig. 1 1 is a schematic representation of heat transfer apparatus for use in 
direct cooling; 

Fig- 12 is a sectional side view of a further embodiment employing 
drying means; 

Fig- 13 is a view along the lines XIII-XIII in Fig. 12; 

Fig. 14 is a view of the apparatus as shown in Figs. 12 and 13 in one 
mode of operation; 
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Fig. 15 is a view of the apparatus shown in Figs. 12,13 and 14 in another 
mode of operation; 

Fig. 16 is a diagrammatic representation of a cooling unit employing 
direct evaporative cooling; 

Fig. 17 is a diagrammatic representation of a cooling unit employing 
indirect evaporative cooling; 

Fig. 18 is a sectional side view of a building employing indirect 
evaporative cooling with heat transfer apparatus; 

Fig. 19 is a side view of a building similar to that shown in Fig. 18 but 
employing direct evaporative cooling with heat transfer apparatus; and 

Fig. 20 is a perspective view of a porous panel for use in some of the 
embodiments of the invention. 

Referring to Fig. 1 there is shown diagrammatically heat transfer 
apparatus 10, in the form of cooling apparatus, comprising a container 12 
formed of a porous material, for example clay or other ceramic. A refrigerant, 
suitably water, is held within the container 10. The water is absorbed into the 
porous material and evaporates therefrom, as indicated by the arrows A. As the 
water evaporates, latent heat of evaporation is extracted from the air 
surrounding the container 12. This results in the air being cooled. 

Referring to Fig. 2. there is shown schematically further heat transfer 
apparatus 10 comprising a container 12, formed of a porous material, for 
example clay or other ceramic material. The container 12 holds a refrigerant, 
namely water 14. A heat pipe 16 is provided within the container 12. One end 
region 16 A is immersed in the water 14 in the container 12, and the other end 
region 16B is arranged within a conduit 18 through which air is directed, as 
shown by the arrows 20A, 20B. The air in the conduit 18 is intended to be used 
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to cool a room (not shown). 

The end 16B of the heat pipe 16 is provided with fins 22 which will assist 
in the transfer of heat, as will be explained below. 

The water 14 is absorbed into the porous material of the container 12, 
and evaporates therefrom, as shown by the arrows A. This evaporation cools 
not only the air surrounding the container 12 but also the water 14 inside the 
container 12. Ln turn, this cools the end region 16A of the heat pipe 16. 

As indicated by the arrow 20B, warm air is directed onto the end 16B of 
the heat pipe 16. Fins extending from the end region 16B enable heat to be 
transferred from the warm air impinging on the fins 22 to the end region 16B of 
the heat pipe 16. Thus, a temperature difference is estabUshed between the end 
16A of the heat pipe 16 and the end 16B thereof. Thus, heat is extracted from 
the air in the conduit 18 and transferred from the end region 16B to the end 
region 16 A, as indicated by the arrow B. Consequently, the warm air (as 
indicated by the arrow 20B) is cooled as it passes over the fins 22 and cold air 
passes therefrom, as indicated by the arrow 20A. The cold air is then passed 
into the room to be cooled. 

Thus, it will be seen that the porous member 12 can be used for cooling 
purposes, either directly, as shown in Fig. 1, or indirectly, as shown in Fig. 2. 

Fig. 3 shows heat transfer apparatus 110 suitable for use in indirect 
cooling. The heat transfer apparatus 110 comprises a porous member 112, 
which can be in the form of a panel, or a container formed of a suitable porous 
material, for example clay or other material. The apparatus 110 also includes a 
heat pipe 114 having opposite end regions 114A, 114B, the end region 114B 
being provided inside or, in an alternative embodiment, in engagement with, 
the porous member 112. The heat pipe 114 thus extends outwardly from the 
porous member 112. In use, the heat transfer apparatus 110 is arranged such 
that a refrigerant, for example water is provided on the porous member 112, 
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and the end region 114A is arranged in a place requiring cooling. Water 
evaporates from the porous member 112, as indicated by the arrows A, thereby 
cooling the end 114B of the heat pipe 114. Heat is transferred from the end 
region 114A to the end region 114B. Thus, the surroundings of the end region 
1 14A are cooled. 

Referring to Figs. 4 to 10 there is shown uses of the apparatus 110 shown 
in Fig. 3. 

In Fig. 4, a room 116 is shown schematically. The room 116 is defined 
by wall only two of which, designated 118 and 120, are shown. Inserted into 
each of the walls 118, 120 is a heat transfer apparatus 110. Each heat transfer 
apparatus 110 is inserted into the wall such that the heat pipe 114 is embedded 
into the wall throughout the majority of its length, with the exception of the 
part of its length which extends into the porous member 112. 

Each porous member 112 is arranged outside the room 116, and is 
preferably outside the building in which the room 116 forms a part. Each 
porous member 112 is provided with refrigerant in the form of water. Water 
supply means, in the form of conduits (not shown) can also be provided to 
replenish water which has evaporated from the porous member 112. 

A flow of air, as indicated by the arrows 122, across each of the porous 
members 112 enhances the evaporation of water from the porous members 
112. Thus, a temperature difference is set up between the opposite end regions 
of the heat pipe 114, and heat is transferred from each of the walls 118, 120 by 
the heat pipe 114 to the porous members 112, thus cooling the walls 118, 120. 
The cooling of the walls 118, 120, in turn, cools the room 116. 

It will be appreciated that the walls 118, 120 can each be provided with a 
pluraUty of heat transfer apparatus 110, arranged along each of the walls 118, 
120. 
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Referring to Fig. 5, there is shown a variation of the embodiment shown 
in Fig. 4, in which heat transfer apparatus 110 is used to cool a ceiling 124 of 
the room 116, rather than the side walls. Each of the apparatus 110 as shown 
in Fig. 5, comprises a porous member 112, and a heat pipe 114. 

It will be appreciated that, although the embodiment shown in Fig. 5 
shows heat pipes 114 extending around corners 126, the heat pipes could also 
be formed without corners 126, being substantially straight in configuration, or 
indeed any other suitable design or configuration. In operation, the 
arrangement shown in Fig. 5 works in the same way as the arrangement shown 
in Fig. 4, with the exception that the ceiling rather than the walls are cooled. 

It wUl be appreciated, again, that the embodiment shown in Fig. 5 could 
comprise more than two of the apparatus 110 extending across the ceiling 124. 

Referring to Fig. 6, there is shown a further embodiment of apparatus for 
cooling a room 128, which comprises a plurality of heat transfer apparatus 110, 
in which the heat pipes 114 thereof are arranged in a first conduit 130, and the 
porous members 112 thereof are arranged in a second conduit 132. Air from 
outside is passed into the conduit 130, in the direction of the arrow 134 
whereby heat is extracted therefrom by the heat pipes 114 in the manner as 
described above. Cooled air is directed via the arrow 136 to an air conditioning 
unit 138 which directs the cooled air, as shown by the arrow 140 to the room 
128. Warmed air from the room 128 is exhausted therefrom, as shown by the 
arrow 142 to pass into the second conduit 132, over the porous members 112, 
thereby enhancing the evaporation of water therefrom. After passing the 
porous members 112, the air is exhausted from the conduit 132, as shown by 
the arrows 144. The embodiment as shown in Fig. 6, is also provided with 
water supply means in the form of a plurality of pipes 146 to supply water to 
the porous members 112, and with drain means 148 to allow excess water to 
drain from the porous members 112. 

In Figs. 7 and 8, there is shown further uses of the heat transfer 
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apparatus 110 for cooling buildings. 

Referring to Figs. 7 and 8, there is shown a roof 150 of a building, the 
roof 150 having a raised portion 152 in which is provided a plurality of heat 
transfer apparatus 110. The raised portion 152 is also provided with louvers 
154 which can be moved from a closed condition (not shown) to -an open 
condition (as shown in Figs. 7 and 8). 

The porous members 112 are provided outside the raised portion 152 of 
the roof 150, and the heat pipes 114 extend from the porous members through 
the wall of the raised portion 152 into the space therein. The heat pipes 114 of 
each of the heat transfer apparatus 110 are provided with ribs 156 to enhance 
the transfer of heat to the heat pipes 114. 

Water supply means 158 are provided to supply water to the porous 
members 112, and drain means 160 are provided to drain water therefrom. 

In operation, the wind outside the building forces air through the louvers 
114, as indicated by the arrow 162. The air entering the raised portion 152 
passes over the heat pipes 114. Water evaporating from the porous members 
112 results in a reduction in temperature of the porous member and a transfer 
of heat along the heat pipes 114 to the porous members 112. Heat is thus 
extracted from the air passing through the raised portion 152 by the heat pipes 
114, and transferred to the porous members 112. Thus, air entering via the 
louvers 154 is cooled. Cooled air from the raised portion 152 passes through 
the roof 150 to the rest of the building. 

Referring to Fig. 8, a modification of the embodiment shown in Fig. 7 is 
provided, which includes air drive means in the form of a turbine 164 driven by 
the wind, as shown by the arrows 166, and a fan 168 connected to the turbine 
by a shaft 170. The wind drives roimd the turbine 164 which, in turn, turns the 
fan 168. This draws air through the louvers 154 and over the heat pipes 114. 
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As can be seen, the heat pipes 114 in Fig. 8 are not provided with ribs 
156 to enhance heat transfer. The reason for this is because of the driving of 
the air through the louvers by the fan 16A. However, if desired, fins 156 could 
be provided. 

Referring to Figs. 9 and 10, there is shown an embodiment which is used 
to cool a box, for example a cold box, a refrigerator or a picnic box. In Fig. 9, a 
cold box 172 is provided which is defined by walls 174. A pair of heat pipes 
114 extend from a porous member 112 through the walls 174 of the cold box 
172 to the inside thereof. Water is held within the porous member 112. 

The operation of the apparatus shown in Fig. 9 is the same as that 
described above, in that water evaporates from the porous member 112, as 
indicated by the arrows 176 thereby cooling the water in the porous member 
112, and creating a temperature difference between the ends 114A, 114B of the 
heat pipes 114 whereby heat is transferred from the inside of the cold box to 
the heat pipes 114 as indicated by the arrows 178, thereby cooling the inside of 
the cold box. In order to maintain the inside of the box 1 72 cold, the walls 1 74 
are insulated. 

Referring to Fig. 10, there is shown a modification of the invention 
shown in Fig. 9, in which a single apparatus 110 is provided in which the heat 
pipe 114 is inserted through the wall 174 of the cold box 172. Water supply 
means 180 supplies water to the porous member 112 and water drain means 
182 drains the water therefrom. Fins 184 are provided on the end region of the 
heat pipe 114 inside the box 172. Heat is extracted from the inside of the box 
via the fins 184, as Indicated by the arrows 186 and transferred to the porous 
member 112 by the heat pipe 114. Air passing over the porous member 112, as 
indicated by the arrows 188, enhances evaporation of water therefrom. Thus, 
the inside of the box 172 is cooled. 

Referring to Fig. 11, there is shown further cooling apparatus 200 in 
which direct evaporative cooling is employed. The apparatus 200 includes heat 
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transfer apparatus 210 comprising a plurality of porous members 212 Inside a 
pipe 230. Water supply means, comprising a plurality of conduits 216, supplies 
water to the porous members 212, and drain means, in the form of conduits 
218. drains unevaporated water therefrom. Upstream of the heat transfer 
apparatus 210 is an absorber 220 comprising a plurality of porous members 
222. An absorbent suitable for absorbing water is supplied to the porous 
members 222 via conduits 226. The absorbent, and any water absorbed thereby 
is drained from the porous members 226 via conduits 226. 

In operation, air passing through the pipe 230 in the direction indicated 
by the arrow 232 and passes over the porous members 222 of the absorber 220. 
Water carried by the air is absorbed into the absorbent and heat of absorption is 
transferred to the air. The heated air travels, as shown by the arrow 234 to the 
porous members 212 of the heat transfer apparatus 210, whereby heat is 
extracted from the air on evaporation of the water from the porous members 
212. Thus, water extracted by the absorber 220 is replaced by evaporation of 
water from the porous members 212. By providing appropriately shaped and 
sized porous members 214, the air passing over the porous members 212 can 
be cooled below the temperature of the air impinging on the absorber 220. The 
overall effect is that air leaving the conduit 230 as indicated by the arrow 236 is 
cooled relative to the air entering the conduit 230 and contains the same 
amount of water. Thus, the humidity in the room which is intended to be 
cooled by the apparatus 210 is not altered. 

Referring to Figs. 12 to 15 there is shown a further embodiment of the 
invention in the form of a cooling assembly 300 which comprises heat transfer 
apparatus 310, consisting of a plurality of radially extending porous members 
in the form of panels 312. 

Beneath the cooling apparatus 310 is provided drying apparatus 314 
comprising a pluraUty of radially extending drying members 316, each 
containing a desiccant. The heat transfer apparatus 310 and the drying 
apparatus 3 14 are provided around a substantially cylindrical central conduit 
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318. Fins 320 extend from the members 316 into the central conduit 318. In 
the region of the central conduit adjacent the cooling apparatus 310, the 
internal walls of the central conduit 318 are provided with circumferentially 
extending thermal insulation 322, 

Around the central conduit 318 and the cooling apparatus 310 and 
drying apparatus 314 there is provided a jacket 324 for a flow of air, the jacket 
324 having an air supply pipe 326, and an air exhaust pipe 328. 

At a narrow region 329 of the jacket 324 between the cooling apparatus 
312 and the drying apparatus 314 there is provided flaps 330 movable from a 
first position to allow air to pass from the drying apparatus 314 to the cooling 
apparatus 312 (see Fig. 14), and a second position (see Fig. 15) in which the 
flaps 330 direct air via an opening 338 and prevent air in the jacket 324 
entering the cooling apparatus 310. 

Referring to Fig. 14, which shows the apparatus 30 in cooling mode, air 
enters the bottom of the jacket 324 via the pipe 326, as indicated by the arrow 
332. The air passes through the jacket 324 and over the drying members 326 
which remove water from the air. Heat of absorption of water is transferred 
from the desiccant on the drying members 316 to the air. The air then passes 
through the narrow region 329 to the cooling apparatus 310. The air then 
passes over the porous members 312 causing water thereon to be evaporated. 
Hence, the air passing over the members 3 1 2 is cooled down, and the air takes 
up water from the members 312 to replace the water removed by the drying 
apparatus 314 and passes to the room to cool it. The air is then exhausted via 
the pipe 328 as indicated by the arrow 333. 

Water supply means to supply water to the porous members 310, in the 
form of a conduit 334 is provided and drain means tn the form of conduit 336 
is provided to drain unevaporated water therefrom. 

When the drying members are saturated with water, the flaps 330 are 
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moved to the second position, as shown in Fig. 15, and heat is then supplied 
through the conduit 318. This heat can be derived from any suitable heat 
source, for example gas or exhaust heat from some other apparatus. The heat 
in the form of heated air enters at the lower end, as shown by the arrow 336 
and passes over the fins 320. The heat is transferred via the fins 320 to the 
drying members 316 and causes the water absorbed by the desiccant to be 
evaporated therefrom. This water then passes out of the jacket 324 via the 
opening 338 left by the flaps 330 in the narrow region 329. When all the water 
has been driven from the desiccant on the drying members 316, the apparatus 
can be used again for cooUng. The air passing through the central conduit 318 
at the upper end as indicated by the arrow 340. 

Referring to Fig. 16, there is shown a further cooling unit 400 which uses 
direct evaporative cooling. The unit 400 comprises cooUng apparatus 410 in 
the form of a plurality of porous pcmels 412. 

The unit 400 includes water supply means in the form of a plurality of 
supply conduits 414. The conduits 414 are provided with spray nozzles 415 to 
spray water over the panels 412. A casing 416 extends around the apparatus 
400. Recycling means in the form of further conduits 417 and a pump 419 
recycle excess water back to the supply conduits 414. Mains water (not shown) 
is also provided to replenish the water provided to the supply conduits 414. 

A fan 418 drives air from outside, as shown by the arrows 420 into the 
unit 400. The air passes over the porous panels, thereby evaporating water 
thereon which, thus, cools the air. The air exits the unit at the opposite end, as 
shown by the arrows 422. The air exiting, as shown by the arrows 422 is cooled 
moist air. 

Referring to Fig. 17, there is shown a further embodiment, in which 
indirect evaporative cooling is used. The embodiment shovm in Fig. 17 
comprises a cooling unit 500 comprising cooUng apparatus 510. The cooling 
apparatus 510 comprises a two adjacent porous panels 512 arranged parallel to 
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each other. The porous panels 512 are provided with a plurality of heat pipes 
514, which extend to both of the panels 512. 

The unit 500 is divided into a first section 516 for supplying cool air to a 
room. The heat pipes 514 extend from a dividing wall 518 into the first section 
516. A second section 520 is defined on the opposite side of the wall 518 to the 
first section 516. The porous panels 520 are provided in the second section 
520. The heat pipes 514 extend from the dividing wall 518 to the panels 520. 
Thus, the heat pipes 514 extend from the first section 516, through the dividing 
wall 518 to the second section 520 and are in engagement with both porous 
panels 512. 

The unit 500 comprises water supply means which includes a plurality of 
supply conduits 522 having nozzles 523 which spray water over the panels 512. 
Recycling means comprising further conduits 524 and a pump 525 is provided 
to recycle any water not evaporated from the panels back to the water supply 
conduits 522. A mains supply of water (not shown) may be connected to the 
water supply means to replenish the water lost by evaporation. 

In operation, warm air passes over the panels 512 to cool the evaporation 
of water therefrom. This air is cooled and carries with it the water vapour 
evaporated from the porous members 512. 

At the same time, warm air is passed through the first section 516, to 
impinge on the heat pipes 514, whereby heat is extracted by the heat pipes 514, 
in the same manner as described for the embodiments above and transferred to 
the porous members 512. Thus, the air is cooled as it passes through the first 
section 516, whereby air exiting the first section 516 is cooled sufficiently to 
enable it to enter a room and provide suitable air conditioning. 

Referring to Fig. 18, there is shown a further apparatus 610 for cooling a 
room 600, The apparams 610 comprises a plurality of porous panels 612 
provided adjacent the wall outside the room. 
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At least one heat pipe 614 extends from each of the porous panels 612 
through the walls of the room 600 to the inside of the room 600. Thus, 
evaporation of water from the porous panel 612 causes heat to be extracted 
from the air passing over the heat pipe 614, thereby cooling such air to enable 
the building to be cooled. The passage of air is indicated by the arrows 615. 
The end regions 613 of the heat pipes 614, extending into the room 600, are 
provided with fins 617 to enhance the transfer of heat from the air in the room 
600 to the heat pipes 614. In an alternative embodiment, the heat pipes 614 
can be replaced by chilled water cooling coils through which water, chilled in 
The porous panels 612, is passed. The chilled water passing through the coils 
would cool the air flow. Consequently, the coils may function as a condensor, 
condensing water from the air flow. Drip trays would be required to collect 
such condensed water. 

Water supply means 616 supplies water to the porous panels 612, and 
drain means 618 drains unevaporated water therefrom. 

Referring to Fig. 19, there is shown apparatus similar to that shown in 
Fig. 18, and the same features as shown in Fig. 18 are designated with the same 
reference numerals with the exception that the porous members 612 are 
provided inside the building, and the air entering the building as shown by the 
arrows 615 passes directly over the porous members. The porous members are 
in the form of panels 612, whereby as the air passes over each panel 612 water 
thereon is evaporated, and the air is cooled, and takes up the water, whereby 
cold moist air is passed to the remainder of the building. 

Referring to Fig. 20, there is shown a porous panel 712 which could be 
used in the embodiments of the invention described above, for example in the 
embodiment shown in Figs. 12 to 15, as the porous panels 312, or in Fig. 17, as 
the porous panel 512, or in Figs. 18 and 19 as the porous panels 612. The panel 
712 comprises a hollow main body 714 which is closed with the exception of an 
inlet 716 for a supply of water to the main body 714, and an outlet 718 to drain 
water from the madn member 714. A plurality of channels 720 are defined 
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within the main body 714 to allow water to be dispersed throughout the main 
body, whereby it can permeate through the walls of the main member 714 
throughout the main member 714. 

The main body 714 is formed of a suitable porous member, for example 
a ceramic. 

The panel 712 is made as thin as possible so that the minimum volume 
of water is required to ensure complete permeation of the walls of the main 
body by water. 

Various modifications can be made without departing from the scope of 
the invention. For example, the porous members could have different shapes to 
those described. 

Whilst endeavouring in the foregoing specification to draw attention to 
those features of the invention believed to be of particular importance it should 
be understood that the Applicant claims protection in respect of any patentable 
feature or combination of features hereinbefore referred to and/or shown in the 
drawings whether or not particular emphasis has been placed thereon. 
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CLAIMS 

1. Cooling apparatus for cooling a medium, at least a part of the apparatus 
being in thermal communication with the medium, said apparatus comprising 
refrigerant holding means whereby a refrigerant can be provided on the 
refrigerant holding means such that on evaporation of the refrigerant from the 
refrigerant holding means, heat can be transferred from the medium to the 
refrigerant holding means thereby cooling the medium. 

2. Cooling apparatus according to claim 1 wherein the refrigerant holding 
means comprises a porous member. 

3. Cooling apparatus according to claim 1 or 2 wherein the refrigerant 
holding means can be affanged in thermal communication with the medium, 
whereby heat can be transferred from the medium to the refrigerant holding 
means directly. 

4. CooUng apparatus according to any preceding claim wherein the 
apparatus further includes drying means to dry the medium prior to the 
passing of the medium over the refrigerant holding member, the drying means 
including a drying agent holding means, whereby the drying agent can absorb 
water in the medium. 

5. Cooling apparatus according to claim 4 wherein the drying agent holding 
means comprises at least one porous member. 

6. CooUng apparatus according to claim 4 or 5 wherein the drying agent 
holding means comprises at least one container into which the drying agent can 
be received. 

7. Cooling apparatus according to claim 1 or 2 further including heat 
transfer means in thermal communication with the refrigerant holding means, 
wherein the heat transfer means can be arranged in thermal commimication 
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with said medium whereby the heat transfer means can transfer heat from the 
medium to the refrigerant holding means on evaporation of refrigerant from 
the refrigerant holding means. 

8- Cooling apparatus according to claim 7 wherein the heat transfer means 
comprises a heat pipe, or fluid containing cooling coils. 

9. Cooling apparatus according to claim 8 wherein the heat transfer means 
includes fins to or from the heat pipe or the coiling coils. 

10. Cooling apparatus according to any preceding claim further including 
refrigerant supply means to supply refrigerant to the refrigerant holding means 
for evaporation therefrom. 

11. Cooling apparatus according to claim 10 wherein the refrigerant supply 
means comprises a conduit to supply said refrigerant to the refrigerant holding 
means. 

12. Cooling apparatus according to claim 10 or 11 wherein the refrigerant 
supply means includes means to spray said refrigerant over refrigerant holding 
means. 

13. Cooling apparatus according to any preceding claim further including 
means for supplying the medium to said part of the apparatus for the aforesaid 
transfer of heat. 

14. Cooling apparatus according to claim 13 wherein the means for 
supplying the medium includes a conduit. 

15. Cooling apparatus according to any preceding claim including drive 
means to drive the medium over the refrigerant holding means, whereby upon 
evaporation of the refrigerant from the refrigerant holding means, the meditmi 
is cooled. 
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16. Cooling apparatus according to claim 15 wherein the drive means 
comprises a fan. 

17. A method of cooling a medium, said method comprising providing 
apparatus as claimed in any preceding claim, arranging at least a part of the 
apparatus in thermal communication with the medium, providing a refrigerant 
on the refrigerant holding means whereby on evaporation of the refrigerant, 
heat is transferred to the refrigerant holding means thereby cooling the 
medium. 

18. A method according to claim 17 wherein the medium is in an enclosed 
space or is in a conduit communicating with the enclosed space. 

19. A method according to claim 18 wherein the enclosed space comprises a 
room in a building, or a box to be kept cold. 

20. A method according to claim 18 or 19, wherein the refrigerant holding 
means is provided inside the enclosed space, whereby evaporation of said 
refrigerant directly causes said cooling of the gaseous medium in the enclosed 
space. 

21. A method according to claim 18 or 19, wherein the refrigerant holding 
means is outside the enclosed space in indirect thermal communication with 
said enclosed space. 

22. The use of apparatus as claimed in any of claims 1 to 16 for cooling a 
medium, comprising providing said apparatus, arranging at least a part of the 
apparatus in thermal communication with the medium, providing a refrigerant 
on the refrigerant holding means whereby on evaporation of the refrigerant, 
heat is transferred to the porous member thereby cooling the medium. 

23. Any novel subject matter or combination including novel subject matter 
disclosed herein, whether or not within the scope of or relating to the same 
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invention as any of the preceding claims. 
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